Introduction: The effectiveness of varenicline compared with nicotine replacement therapy (NRT) in achieving smoking cessation in older smokers has not been investigated. This study prospectively compared the effectiveness of varenicline relative to NRT in smokers aged 25-54 years and separately in smokers aged 55 years or older. Methods: Among 13 397 smokers participating in the Smoking Cessation Program in Taiwan, 2012Taiwan, -2015 received varenicline and 7061 received NRT patch or gum (23.2%, aged ≥55). Participants self-reported smoking behaviors by phone interview after 6 months. Logistic regression models estimated odds ratios (ORs) and 95% confidence intervals (CIs) for 7-day, 1-month, and 6-month point-prevalence abstinence. Age-specific models adjusted for sex, education, marital status, smoke-years, nicotine dependence, medical institution, clinic visit number, and duration of medication received. Results: Among smokers aged 25-54 years, varenicline users had a greater point-prevalence abstinence than NRT users (e.g., 7-day point-prevalence: 34.0% vs. 23.5%), with adjusted OR ranging from 1.23 (CI: 1.09-1.39; 6-month point-prevalence) to 1.37 (CI: 1.24-1.50; 1-month point-prevalence). Among smokers aged 55 years or older, point-prevalence was similar for varenicline and NRT users (e.g., 7-day point-prevalence: 32.3% vs. 33.1%), and ORs did not suggest that varenicline has greater effectiveness than NRT. Sex and level of nicotine dependence did not modify the agespecific effectiveness of varenicline relative to NRT. Conclusions: Varenicline did not offer greater effectiveness in achieving abstinence than NRT for smokers 55 years or older, whereas it was more effective than NRT in smokers aged 25-54 years. These findings highlighted the need for age-specific approaches for effective tobacco control. Implications: In this prospective investigation of a national cohort, older smokers (aged ≥55 years) who received varenicline did not have a greater point-prevalence abstinence after 6 months compared with those who used NRT patch or gum. Younger smokers (aged 25-54 years) who received
Introduction
Smoking cessation greatly reduces the risk of tobacco-related morbidity and mortality at all ages, 1 including older smokers who have relatively poor health conditions and higher nicotine addiction levels. [2] [3] [4] Smokers aged 65 years or older may gain life expectancy up to 3.7 years after they quit smoking. 5 The United States Preventive Services Task Force suggests nicotine replacement therapy (NRT) and varenicline are effective smoking cessation aids. 6 NRT helps smokers quit smoking with a 53%-68% greater likelihood of cessation than placebo or non-NRT control group. [6] [7] [8] Compared with NRT, varenicline showed greater or similar effectiveness in achieving abstinence in two head-to-head clinical trials (the EAGLES study and an open-label trial in the United States) as well as in clinical settings. [9] [10] [11] [12] Smoking cessation rates appear to differ by age. Older smokers have greater odds of successful quitting than younger smokers, 13 possibly due to stronger motivation, higher participation rates, and greater health concerns in older populations. [13] [14] [15] A meta-analysis of clinical trials suggested that pharmacological intervention offers a 3-fold greater chance of achieving abstinence for smokers aged 50 years or older. 16 However, the effectiveness of varenicline relative to NRT has not been investigated in older smokers. Emerging evidence has suggested that sex and nicotine dependence level may modify the effectiveness of varenicline relative to NRT. 10, 17 The relative effectiveness between varenicline and NRT for older smokers by sex and nicotine dependence severity has not been studied.
Effective smoking cessation therapies targeting older populations have public health and clinical relevance. The global population is aging, including in Taiwan. 18 Up to 30% of men aged 50 years or older in Taiwan are smokers, and approximately 80% of total health care expenditures in 2010 were attributable to tobacco smoking. 19 In the current study, we aimed to prospectively investigate (1) the age-specific effectiveness of varenicline relative to NRT in smokers aged 25-54 years and separately smokers 55 years or older and (2) whether effectiveness of varenicline compared with NRT differs by sex and level of nicotine dependence. We hypothesized that varenicline is more effective than NRT in achieving abstinence for smokers aged 25-54 years, but not so for smokers aged 55 years or older because a strong motivation to quit tobacco smoking in older smokers may override the different effectiveness of two treatments. This study could inform clinicians in selecting the appropriate medication for smokers of different age and sex.
Methods

Study Population
The Health Promotion Administration in Taiwan implemented the nation-wide Second Generation Tobacco Smoking Cessation Services Program on March 1, 2012, which subsidized copayments for smoking cessation medications. Individuals aged 18 years or older who sought to quit tobacco smoking at smoking cessation clinics were eligible to receive pharmacotherapy for smoking cessation and/or health education for up to two treatment courses. Varenicline and NRT were offered mostly as monotherapy in the treatment course. Each course consisted of up to eight prescription refills (a 90-day supply). Smoking cessation medications included NRT (patch, chewing cum, inhaler, or tablet), bupropion (tablet), and varenicline (tablet). The medications were assigned to individuals based on their preference and/or professional advice by their physicians. At the first clinic visit, participants provided information on demographics and smoking-related behaviors (years of smoking and number of cigarettes per day). They also received the Fagerström Test for Nicotine Dependence (FTND) assessment. 20 Information on smoking status, adverse effects from medications, withdrawal symptoms of smoking cessation, and changes in prescriptions was collected approximately after 3 months and during follow-up at clinics. Each year, 1000-4000 participants were randomly selected for smoking behaviors assessment in phone interviews 6 and 12 months after initiation of the treatment.
Between March 1, 2012 and August 31, 2015, 192 703 adult smokers aged 25 years or older received a single prescription of varenicline or NRT in their first visit and 32 064 smokers were selected to receive a follow-up phone interview after 6 months. The current study included 13 397 participants who received either varenicline (n = 6336) or NRT (n = 7061 patch or gum users), excluding 17 674 non-respondents in the 6-month phone interview and 993 participants who received more than one medication in two treatment courses. This study did not include the 837 bupropion users (120 participants aged 55 years or older) who also finished the phone interview during the same period due to the limited sample size.
Medications for Cessation
The current study included participants who received a single pharmacotherapy in the first course. These medications included six NRT patch products (brand name or generic NRT with doses ranging from 10.4 to 52.5 mg/patch), six NRT gum brand-name products (dose per piece was 2 to 4 mg), and two varenicline brand-name products (0.5 and 1.0 mg/tab).
Point-Prevalence Abstinence from Cigarettes After 6 Months
In the phone interview, participants were asked, "When was the last time you smoked? Less than 1 day, 1-6 days ago, 7-29 days ago, 30-179 days ago, or more than 180 days ago?" The 7-day, 1-month, and 6-month point-prevalence abstinence indicated the percentage of participants who self-reported the last time of smoking at least 7 days ago ("7-29 days ago," "30-179 days," or "≥180 days ago"), 30 days ago ("30-179 days ago" or "≥180 days ago"), and 6 months ago ("≥180 days ago"), respectively.
Statistical Analysis
We conducted descriptive analyses for baseline characteristics in the overall population, smokers aged 25-54 years and those aged 55 years or older, respectively. We examined characteristic distributions between groups using Student's t-test for continuous variables and chi-square test for categorical variables. Participants were categorized into two nicotine dependence groups based on the total FTND score: light or moderate (scores 0-6) and severe (scores 7-10). The duration of medication received was defined as the sum of the prescription days at each clinic visit in the first treatment course and was categorized into one, two, and three or more weeks. The 7-day, 1-month, and 6-month point-prevalence abstinence rates were calculated by sex and nicotine dependence in each age group. Generalized linear-regression models were conducted to estimate 95% confidence intervals (CIs) for point-prevalence, assuming a binomial distribution for abstinence from tobacco smoking.
Separate logistic regression models were conducted to estimate adjusted odds ratios (ORs) and 95% CIs for 7-day, 1-month, and 6-month point-prevalence rates comparing varenicline with NRT (reference group) for smokers aged 25-54 years and those 55 years or older, respectively. Age-specific models adjusted for sex, education level (junior high school, senior high school, college or above, and other), marital status (single, married, or other), continuous smokeyears (per 1-year change), nicotine dependence severity (light/moderate vs. severe), medical institution (community clinics or hospital outpatient clinics), categorical number of clinic visits, and categorical duration of medication received. Age and smoke-years were highly correlated (r = 0.81), which led us to exclude continuous age as a covariate in age-specific regression models to avoid potential multicollinearity.
In secondary analyses, we aimed to address the question of whether effectiveness of varenicline versus NRT differs by sex and level of nicotine dependence. We performed age-specific adjusted modeling separately for men, women, smokers with light/moderate dependence, and smokers with severe dependence.
In sensitivity analyses, we included 993 participants who received more than one medication in two treatment courses and 17 674 nonrespondents. These participants were conservatively treated as being smokers (failed to quit smoking) in age-specific models to compare effectiveness of varenicline versus NRT.
All p-values were two-sided, with p < .05 considered statistically significant. Statistical analyses were performed using SAS software (version 9.4; Cary, NC, USA).
Results
Cohort Characteristics
Among the 13 397 participants, the mean age was 45.4 (±11.9) years with 22% aged 55 years or older. The majority of the participants (85%) were male (Table 1) . Participants tended to have severe nicotine dependence (53%, FTND ≥ 7) and to have had smoked at least 20 years (67%). Smokers aged 25-54 years were more likely than smokers aged 55 years or older to receive varenicline (49% vs. 43%, p < .001) and smokers in either age group had similar nicotine dependence. Regardless of age, varenicline users were more likely than NRT users to have a severe nicotine dependence, have a college education, receive medication in hospital outpatient clinics, visit the clinics two times or more, and use the smoking cessation medication for at least 3 weeks (all p-values < .001).
Point-Prevalence Abstinence Rate
Among smokers aged 25-54 years, the 7-day, 1-month, and 6-month point-prevalence abstinence was greater in varenicline users than NRT users: Approximately, one in three varenicline users and one in four NRT users self-reported that they smoked cigarettes at least 30 days prior to the interview (1-month point-prevalence: 32. 5 Table 2 ). Greater abstinence rates among varenicline users were observed across different sex and nicotine dependence subgroups. Among smokers aged 55 years or older, the point-prevalence abstinence was similar between varenicline and NRT users.
The point-prevalence abstinence for NRT users was lower in those aged 25-54 years than those aged 55 years or older, regardless of sex and nicotine dependence. For varenicline users, the pointprevalence abstinence was similar between smokers of the two age groups.
Effectiveness of Varenicline Relative to NRT
Varenicline was more effective than NRT in achieving abstinence for younger smokers, but not so for older smokers (all p-values for medication × age < .001, Table 3 ). For smokers aged 25-54 years, varenicline users had a 23% (95% CI: 9%-39%) to 37% (95% CI: 24%-50%) greater odd of reporting abstinence after 6 months. For smokers aged 55 years or older, varenicline was less effective than NRT, with adjusted OR ranging from 0.75 (95% CI: 0.60-0.94) for 6-month point-prevalence to 0.82 (95% CI: 0.39-0.98) for 1-month point-prevalence.
Age-specific Comparative Effectiveness by Sex and Nicotine Dependence
Sex and nicotine dependence severity did not modify the effectiveness of varenicline relative to NRT (Table 4) . For example, in smokers aged 25-54 years, varenicline users reported abstinence at higher rates than NRT users, regardless of sex or dependence severity, except that the OR for 6-month point-prevalence was not statistically significant for women. Among smokers aged 55 years or older, varenicline was less effective than NRT patch or gum for men and smokers with severe dependence, and the two medications had similar effectiveness for women and smokers with light/moderate dependence.
Sensitivity Analysis
Overall, the comparative effectiveness from the sensitivity analyses was consistent with that from the original analyses. In sensitivity analyses, the distributions for type of medical institution, number of clinic visits, and duration of medication received in 17 674 nonrespondents were similar to those in respondents who failed to remain abstinent (Supplementary Table 1 ). The point-prevalence abstinence was lower in sensitivity analyses than the original analyses (Supplementary Table 2 ). For smokers aged 25-54 years, varenicline was more effective than NRT patch or gum; for smokers aged 55 years or older, varenicline was not superior to NRT patch or gum (Supplementary Tables S2 and S3 ).
Discussion
In this cohort of 13 397 adult smokers, varenicline was more effective than NRT patch or gum for improving the rates of tobacco cessation in smokers aged 25-54 years. In contrast, for smokers aged 55 years or older, varenicline did not provide a greater effectiveness in achieving abstinence than NRT patch or gum, regardless of sex or nicotine dependence. To our knowledge, the current study is the first of its kind to compare effectiveness of varenicline versus NRT in an older population. Our study findings highlight the need for agespecific approaches for effective tobacco control.
Older smokers may have a stronger motivation to quit smoking than young or middle-aged smokers, likely due to health concerns. [13] [14] [15] Health-related factors, such as taking a greater number of medications or having chronic conditions, 14, 15 were positively associated with smoking cessation in smokers aged 60 years or older. A newly diagnosed chronic health condition appeared to motivate older smokers to quit smoking but did not motivate middle-aged smokers. 15 Indeed, the participation rates increased exponentially from 2.4% in young smokers (aged 20-29 years) to 47.5% in older smokers (aged ≥60 years) who attended free smoking cessation clinics in Korea. 13 It is plausible that the strong health-related motivations to quit smoking make the superior effectiveness of varenicline compared with NRT, less relevant for older smokers. In the current study, the abstinence rates in younger smokers were higher for varenicline than NRT users, whereas in older smokers, the abstinence rates were similar between two groups. A similar age-dependent pattern in abstinence rates for NRT users was also observed in a Brazilian cohort. 21 Concerns regarding medication-related adverse events may influence physicians' practice or discourage adherence in the elderly, 22 which may affect the effectiveness of varenicline relative to NRT. Physicians may be more willing to prescribe varenicline to younger smokers. In our study population, only 35% of smokers aged 65 years or older received varenicline (65% received NRT), and smokers aged 25-54 years had a greater likelihood of receiving varenicline than those 55 years or older. Unfortunately, we did not have access to information on adverse events and adherence. We cannot rule out the possibility that adherence to varenicline was poorer in older smokers although the duration of receiving varenicline appeared to be similar between the two age groups. The EAGLES trial and a British cohort study did not observe an increase in adverse events for middle-aged varenicline users compared with NRT users. 9, 22 Future investigations could consider the risk-benefit and cost-effectiveness profiles of varenicline and NRT in older populations, particularly those with comorbid conditions, such as diabetes, cardiovascular diseases, or pulmonary diseases.
This prospective investigation reported the age-specific comparative effectiveness in a large, population-based sample in clinical settings. We performed regression modeling to adjust for important confounding factors (including smoke-years, nicotine dependence) and factors influencing abstinence (including duration of medication received and clinic visit numbers). Results from the original sample were accordant to those from sensitivity analyses, which conservatively assumed all non-respondents failed to quit.
The present study has several limitations. First, smoking abstinence was not chemically confirmed, and the abstinence rates were likely overestimated. Respondents may have misreported the last time they smoked. However, medications were prescribed before the phone survey, and there was no evidence suggesting that misclassification in abstinence rates would differ between two medication groups. In addition, the 7-day point-prevalence abstinence was 34% among varenicline users and 24% among NRT users in the current study, which agreed with the biochemically confirmed 7-day pointprevalence in the EAGLES study and a mobile smoking cessation program in Hong Kong. 9, 23 Second, participants may not have adhered to medications, and those who experienced medication-related adverse events may have discontinued medications, failed to quit smoking, or refused to respond. In sensitivity analyses, we considered nonrespondents to be smoking, and the results were consistent with those in the original analyses. Third, we were unable to control for unobserved potential confounding factors, such as comorbid conditions or health status. Fourth, the current study included a majority of male Asian participants of a government-sponsored tobacco cessation program in a single-payer health care system. Findings may not be applicable to populations in other health care systems or nonAsians. Women in Taiwan have low smoking rates (<2% for women aged 50 years or older), and the current study included relatively few women aged 50 years or older. 19 Findings for female smokers need to be investigated in other populations.
Conclusion
The global population is aging, but the prevalence of tobacco smoking in older populations remains steady. 24, 25 The current prospective investigation suggests that varenicline does not offer a greater effectiveness than NRT patch or gum for older smokers, and accounting for sex or nicotine dependence does not modify these relationships. On the other hand, varenicline is superior to NRT patch or gum for smokers aged 54 years or younger. Health care providers should discuss with smokers the relative effectiveness between varenicline and NRT in choosing an appropriate treatment plan. Future investigation in female and non-Asian populations, including adverse events related to varenicline among older smokers, will provide further insights in tobacco control approaches.
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